Abstract: Total Reflection X-ray Fluorescence (TXRF) using Synchrotron Radiation from the Stanford Synchrotron Radiation Laboratory (SSRL) has been used to study Al impurities on Si wafer surfaces. For primary excitation energies below the Si K absorption edge an inelastic resonance scattering due to resonant xray Raman scattering is observed. This scattering dominates the background behavior of the Al K fluorescence line, and consequently limits the achievable sensitivity for detection of Al surface contaminants. The energy-and angle-dependence of the resonant x-ray Raman scattering has been investigated to determine the experimental conditions for which the highest sensitivity for Al can be achieved. We find that for a precise determination of the achievable sensitivity, the specific shape of the continuous Raman background has to be taken into account.
I. Introduction
Total reflection x-ray fluorescence spectroscopy (TXRF) [1] in combination with synchrotron radiation has become one of the most powerful non-destructive techniques for detection of very low concentrations of metal impurities on Si wafer surfaces [2, 3, 4, 5] . To date, SR-TXRF has achieved a remarkable sensitivity for transition metals of 3.4 x 10 7 atoms/cm 2 , as determined from Fe, Ni and Zn standards [6] . Such sensitivities are required by the semiconductor industry to develop future generations of wafer cleaning technologies.
Having established the TXRF technique for the analysis of transition metal impurities, the development of equally sensitive techniques for light elements with Z < 14 is the new challenge.
According to the SEMATECH roadmap a sensitivity of 3 x 10 9 atoms/cm 2 will be needed for Na and Al [7] .
The K fluorescence signals of the light elements (Kα below 1.5 keV) are about a factor of 30 smaller than the ones of the medium-Z elements due to a reduced fluorescence yield. In addition to these inherent restrictions, the detection of light elements on Si is especially difficult because of the presence of the much stronger Si substrate fluorescence signal at 1.74 keV which tends to dominate the spectrum. ray Raman scattering which is an inelastic x-ray scattering process [12, 13, 14] . The first observation of this process was made by Sparks [12] using monochromatic Cu Kα radiation from an x-ray tube on different target materials. The first synchrotron radiation based experiment was performed by Eisenberger et al. [15] , who investigated this process in the vicinity of the Cu K-edge resonance.
The additional background due to the xray Raman scattering degrades the sensitivity of the TXRF measurement defined as the minimum detection limit or MDL. The MDL is generally quantified using an elemental standard from the equation:
where C is the concentration of the elemental standard and I Peak is the integrated intensity of the respective fluorescence peak minus the background intensity, I BG , under that peak [16] .
Furthermore, the non-symmetric shape of the x-ray Raman scattering background strongly overlaps the Al fluorescence signal resulting in fitting problems and thus affecting the accuracy of the MDL [17] . This paper contains a detailed study of the resonant x-ray Raman scattering in TXRF as a function of excitation energy and angle of incidence. It will show a method of calculating the shape of the Raman scattering profile in order to accurately determine the currently achievable MDL for Al with TXRF.
II. Experiment
The measurements were carried out at the JUMBO beamline (BL 3-3) at the Stanford Synchrotron Radiation Laboratory (SSRL). The basic experimental configuration used in this work is sketched in Fig. 1 Fig.3 . The closer the energy of the incident photon is to the K shell absorption edge, i. e., the higher the absorption probability, the more intense the Raman structure is. Note, that the Raman structure is not only a single peak, but that the peak is accompanied by a low energy tail. The origin of this tailing is that a continuum of unoccupied states above the Fermi level is available for the excited electron with a transition probability that decreases exponentially as the energy of the final state above the conduction band minimum increases [19] . as a function of the angle of incidence. The spectra show that the intensity of the resonant x-ray Raman scattering becomes dominant for large angles of incidence. value. Theoretically, the fluorescence intensity is expected to decrease above the critical angle [22] whereas the scattered and Raman signals continue to increase. 
IV. Conclusion
We have shown that by tuning the excitation energy below the Si K absorption threshold, the Si K fluorescence can be decreased at the expense of a substantial increase in backgroundwhich ultimately limits the overall sensitivity of TXRF for low Z elements. By studying its energy-and angle dependence, this background has been attributed to inelastic x-ray Raman scattering. By deconvolution of the spectra, we demonstrate that in spite of the occurrence of inelastic x-ray Raman scattering, good detection limits can still be achieved. 
